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7h4 et AR BEF BN ethanol
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(Navarro and Durandl1978)% & 4 ).

o] E*]-ﬁ" ethanol inhibition &=+ substrate
inhibitions &Esl+= Aol &4 &M Ethanol
REEES Tast wAolrl gl A w5

o] #o]iL 9+ Witk 5 Saccharomyces cere-

ethanol 8

visiae, Saccharomyces uvarum 52} g ki-
netics & FAFsld & 1014 B v} 2o AH&-
3 129 5 oW & AR ethanol

of ¥xst wod Falo] TAEE (4R eth-

anol B AFEE (g,)7h Fel &8 & 4 Aok

Table 1. Kinetic parameters for various strains of yeasts used for ethanol fermentation,
Microorgan- | Culture Glucose Kinetic parameters at optimal condition
ism System input 7 qr qs Yr.s yx s |Reference
©/1) ") &/g/h @eh @k (@)
S. cerevisiae | Continuous 100 0.58 0.58 141 0. 41 0.21 Cysewski
ATCC 4126 | Culture 89 0.19 0. 60 1.39 0.43 0.13 and Wilke
. (1976)
Continuous
Cell Recycle 100 - 0.58 1.32 0.44 - Cysewski
and Wilke
(1977)
S. cerevisige | Continuous 100 0.12 0.61 1.38 0. 44 0.08 Tyagi and
NRRL - Culture 220 0.12 0.62 L 3:2 0. 47 0.09 Ghose (1980)
Y132 Continuous _
Cell Recycle 100 - 0.67 - - - Ghose and
Tyagi (1979a)
S. uvarum Batch 250 0. 23* 1.15*  3.05* (.38 - Lee et al.
ATCC 26602 | Continuous (1980)
Cell Recycle 200 - 0.75 1.67 0. 43 - del Rosario
et al.(1979).

* Parameters were estimated by computer simulation where no ethanol inhibition occurred

u« - specific growth rate (h™r)
qp - specific rate of ethanol production(g/g/h)
qs . specific rate of sugar uptake(g/g/h)
Yr s . ethanol yield(g/g)
« s . biomass yield(g/g)

2. BEEo BHUR HX

Kl ethan019| N34S LHshx) ¥«
z) QA ek SAske] M E2E EboE A
sgerl 2 f¥9a okt kg el
(1) FimEe] £HEWE) Y ethanol o fiEE
¥ke] M Rose (1976) 52 250g/0 o) &5 s

+

e

of] 45 4] 23l ethanol W E 457}
ol Saccharomyces uvarum-S Bligol] 4 &
2] 2| 53bed 1k d Ethanol 3 -5 %7} 106~113
g/ 7+ 7H5 Ol-‘,’d‘/}

(2) BEEME FIRRS] M BN B A
A=W A TR Zu' A=l £91 FifiBERE
7t AsskAl web o) =

T+F%E tower ferme-

=] =]
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o -l oF 5} ™ internal feed — back ©|
ethanol fHESo| 7+4 5+,

21t} (Hough and

ntorol| 4 o
o] KEINE,
ethanol YA & FAAAH +
Button, 1972).

(3) AltEE kel pA%E 1 & =k olebd il
o] | EgEEstH A=l ethanol®] 3ol 4E
freld & ozl AFE Bk K
g7l B gl 0852 @ik 25
T ¢Fvd e &g #EAA F 4
o} 3} REEEAG] A M) B adt v &S A
12+ goerv g lﬁl-(mdﬁi%’] Flghe] wkef,

b

o] 23t odFo] YRt o2 40~45Col A5 KRS
7} 7ho3 Bk N s glok (Navarro and
Durand, 1978).

(4) £BT REEERS] B B
ratory chainoll 2%% §-£38}e respiratory
deficient mutant (petites) & A}-83Fd A&
e Hiol EWfBE AR = Aol ML Hx
R2-5 ethanol A4 'E‘»]- t] 220]7] v}, Bacila
TE ol FFE Ao 483 A5 BER
t} ethanol¥Z0| 2 Zs}s592¢ w3}
9t} (Bacila and Horii, 1979). 22 v} o]g]3r

respi-

Table 2. Comparison of various fermentation systems with yeasts for ethanol production,

System Strain |Conc® of Conc" of |Conc of |Retention |ProductivitylReference
used used glucose (g/1)| cell (g/1) | ethanol (g/1)|time (h) (g/1/h)
Batch S. cerevi- |25° Brix 8 X108 95 3 31.6 Nagodawith-
siae (cell/ml) ana et al.
(1976)
” 220 26 95 4.5 21.6 Ghose and
Tyagi (1979
Fed batch | S.uvarum | 160-360 83 75 50 25.0 del Rosario
et al.(1979)
Continuous | S. cerevi- 89 12.5 41 5.9 7.0 Cysewski
siae and Wilke
(1977)
” 160 3.9 33 8.0 4.1 Ghose and
Tyagi (1979a)
Immobilized | S. cerevi- 175 - 70 4.5 15.6 Linko and
cell siae Linko (1981)
” 250 - 114 2.6 32.6  |Wada
et al. (1981)
Cell recy- | S.cerevi- 150 50.0 46 1. 58 29.0 Cysewski
le siae and . Wilke
' (1977)
S. uvarum 200 48.0 60 1. 66 36.0 del Rosario
et al. ((1979)
Vacuum S. cerevi- 334 124.0 100 - 160* - 82.0 Cysewski
recycle siae and Wilke
(1977)
no recycle 50.0 - 40.0

* ethanol concentration in the condensate of vapour stream,
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Table3, M icrobrganisms producing ethanol
from various substrates
Microorganism Substrate Main end

products
Zymomonas Hexoses Ethanol, CO,
mobilis
Ruminococos Cell.ulose Etha.nol, .COZ
albus Hemicellulose |acetic acid
o Cellulose E'thanc!. CO,
Clostridium Simple acetic and
thermocellum . .
Sugars lactic acids

Clostridium ] Ethanol , CO,
Thermosaccharo- |Hemicellulose|scetic/latic
lyticum Pentoses acid
Bacillus Starch Ethanol, CO,
macerans Sugars acetone
Erwinia Ethanol, CO,
amylovora Sugars lactic acid
Leuconostoc Pentoses Ethanol, CO,
mesenteroides lactic acid
Sarcina Hexoses Ethanol, CO,
venticuli acids

t}, £ =%-& Zymomonas< A2 ethanol

g EA4E AERdaA g}

agave K-S
F 22 7459t (Lindner 1928).
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gey’' s manual A] 7 skel] Van Nielol]
Zymomonas g}3. QA o8 Ko miwdgio]r)

Bergey’'s manual 8 3bol] Zymomonas< A

Table 4.
(from Carr 1974;

ol 3ol

4 9} 7o,

T Zymomonas mobilis$} Zymomonas an-
agerobia® T8 ¥HE9 = L 54L& Table

Original basis for classification of the two species of the genus Zymomonas
and Carr and Passmore, 1971).

Characteristics

Z. mobilis

Z. anaerobia

1.4-2.0X4.0-5.0

1.0-1.5%X2.0-3.0

Dimensions in microns

Occurrence

Fermenting plant juices

Tainted ciders, Perries and
beers

Ability to effect sucrose
fermentation

Ferments and produces levan

Does not ferment

and biotin

Cytochromes in aerobically a, and ¢ b and ¢
grown cells
in anaerobically grown cells a,, b and ¢ b and ¢
Requirements for lipoic acid

Not required Essential

22 HE o] T dFE DNA based ¥,
DNA genome size, Protein Electrophoregr-
ams & M 23 TR T AHE A} o] ¥
TF4 el g 23 s o) (Swings
and Deley, 1977).

o] #F9 542w wE $EAHL e
Ao24 Gram©9) wkzbio|r},

714 Wz Ao A A& zleht Abd st E3)
e THACNE A A S FA4P} o] &
sucrose uh&-
o 4} 3}
#oj7)
CO. %
233

8] #-& glucose, fructose W
71 R o] &3l Aol §Ho A
A % Entner Doudoroff Pathway 2
Fog Mgl 2+2 mole & ethanol 3}
A Argtet, o] & Bste enzymet
d AEHY-L figure 13 2o} 5 Effoll A
dojti gl glycolytic pathwaydl A& 1
mole 2] Glucosedll 4 2 mole®] ATP 7} 44
5]+l ®# Entner Doudoroff Pathway o
A& A 1mole?] ATPule] A =}
Fructose ol /4= glucose o} 4 2.t} etha-

o+ FESA Eae,

nol 4 Fgo] deojxln] Falo] F4AE -
A7 Jepdth(McGill et al., 1965)

Sucrose FIfitES Zymomonas< A o)z}
EEel g FFo sl 22 ol & Aoz el
t}, a2 Sucrosed o]&3}= #F: Fr-
uctose?] B2} EA4l levang 34 sl
A 2 sucrose uptake$} levand] FA 5=
w3 A R} oful opg
8 FAo2 levano] F45 = sucrose 7}
Eal 5l o] glucosest fructoseE HE AHow
15 9le},

nC.:H:.0.,,+ROH—-R (C BHmO JnOH 4+

sucrose acceptor levan

nCanzOs

glucose or fructose

mechanism o]

glucose, fructose ¢]%]¢]
Ak WA 4L ol
A © 2+ pantothenate ¥ <+ 9 T4L & 49
t}, ammonium saltiy} amino acids, peptides
L 24008 o]&3F} nitrater} nitritesE-
2 FIFEgc) (Belaich et al, 1972).

o] 4} ‘sucrose,
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Levan NADP+ NADPH 4H+

1 Glucose M Glucose-6~ g Glucose-§-
2 \ , phosphate lactone-6-
Sucrose " // ?l 5 phosphate
AY

\ f

”‘—““"“""“—P Fructose~6-

phosphate 7 /

H,0
Mg+4

6~phospho-
gluconate

F’e++
H,0
3~deoxy-2-

0x0-6-phospho-
gluconate

‘Y
H” 4 NADH NAD+
\ / 3 -phospho-
2 Pyruvate glyceraldehyde

TN

2ZATP 2 ADP
2 CO,
12
2 Acetaldehyde / \ p 2Ethanol
Net Results 2NAD (P)H+ H* 2 NAD (P)*

CeH,;, Oy + ADP+P, ~2CO, + 2C,H,0H+ 1 ATP

Enzymes Involved

1; Levan- sucrase (proposed) 7; Aldo - lactonase

2; Invertase (proposed) 8; 6~ P —gluconate —hydro —lyase

3; Glucokinase 9; Aldolase

4; Fructokinase 10; 3P ~ glyceral dehyde dehydrogenase
5; Glucose — phosphate isomerase , 11; Pyruvate decardoxylase

6; G—-6~ P dehydrogenase 12; Alcohol dehydrogenase

Figure 1., Mechanism of carchydrate metabolism in Z. mobilis
(modification of Entner — Doudoroff pathway),
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olF W&o WE HAHLEE 25~31T o]}t
F3ol Wl JTCAAE Wist 5shet
34 pHE 5~70ly pH3.544E F9

Aao] k58l (Swings,

Deley 1977).

o] & anaerobic Ateell 4 Fmoled] et-

hanol 3} CO.& A Aks}} mpak

€ AAF

@ Ethanol A 4 2Fo] o}F A 0o o}s} 79
7} HARS ¥y
et 2¥on wEassl 2R ALEA
mkek O.0] A5 o
& BA 4ol A EA}8FHRo] Ethanol, CO.2} A-

42E o zelAY,

AN e+ etk

cetate ¥ Lactate 7} A4 =},

1. Glucose+ 10.—1Ethanol+ 1. 7CO:

+ 1 Acetate+ 0. 2 Lactate

3. B® Kinetics 2| &

7t @45 W

Zymomonas 3 ATH& F #3sle & dF
o) BIRFEE NS H#kslglwl A3 Table 54 U

ehd A3 2ot F ALk 713, glucose R
sucroseol| 4| HABHEEKES ethanel AL 45
7t =2 BlkEE U3 ZM4 S MR %
FEe & Aot o] FFE TFEEY mo-
lassesoll A 2|3t A o2 $-F4o] YA &
Yoleh,

Zymomonas mobilistF% 7} 3 B
He ddx ZM4 & g8t Eo A f-
ermentation kinetic parameters-& T-3}1.%
glucose F%E 100, 150, 200, 250, 300g/ £
2 w37l [osRge] 5Re figure2, 3
2 49} 2ol oAk #HReA A
RS S A%s el ol FEAHL
2 ethanol g AAFE & 4 ik o049
"a‘ﬁ’%l‘:] ATAAE F o HENCRE HE
37| $13leq RES @ﬁﬁﬁaﬁl’\] 2} ferme-
ntation kinetic parameters & A|A§t A3}
table 6 3 Zokch. & 9 HEHEEE (u )=
Blucose F X F7loll wel @A A 3k
o} 7+A&1=d vl [t ethanol 4:RENE (ar)

Zo]

Table 5, Comparative data for evaluation of different strains of Z.mobilis.

Specific growth rate at | Ethanol productivivity on | Max. ethanol concentration
Strain used 100 g/1 sugar (h™') 100 g/1 sugar (g/1/h) from 200 g/1 glucose(g/1)
glucose sucrose | glucose sucrose | 30C 3c 42C
Z.mobilis
ZMI1 (ATCC 10988)] 0.22 0.20 1.28 116 60 40 0
ZM4 (CPY) 0.25 0.23 1.68 1.25 81 52 30
ZM6 (ATCC 29191)| 0. 29 0.22 1.04 1. 46 77 0 0
Ag 11 0.24 0.19 130 1.20 55 0 0
3 TH Delft 0.20 0.19 1.00 1.18 - ~ -
B70 0.18 0.18 1.10 125 - ~ -
ZAbi 0.17 0.18 0.70 .25 - ~ -
Z.mobilis
subsp. pomaceae
ATCC 29192 0.22 0 .55 0 [ - ~ -
238 0.16 0 0.64 0 - - -
S30.2 0.17 0 1.51 0 -~ - -
S30.A 0.16 0 1.33 0 - - -
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Figure 3, Effect of initial glucose

concentration on glucose uptake for Z.
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Figure 4 Effect of initial glucose con-
centration on ethanol production for Z.
mobilis ZM4 pH=5.0, T=30T),
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Table 6. Kinetic parameters of Z.mobilis ZM 4 in batch culture at various glucose
concentratinos,

Kinetic parameters Initial glucose concentration
1 1 er
P 100 150 200 250 300
Specific growth rate p (W) 0.35 0.27 0.22 0.18 0.13
Specific ethanol productivity q, (g/g/h) 5.2 4.2 5.1 5.4 4.3
Specific glucose uptake rate qs (g/g/h) 10.9 8.9 10.5 11.3 8.7
B’ wass yield Yy.s(g/g) .0.032 0. 030 0.018 0.015 0.015
Ethanol yield Y, s (g/g) 0.48 0. 47 0.49 0.48 0. 49
% of theoretical yield 94.0 92.0 96.0 94.0 96.0
Time period of calculation (h) 0-10 0-13.5 {0-18.5 |0~-19 0~-20
18 15
I i Ethanol = S Ethanol
3 Productivity T ! Productivity
g 15 o —
g | s
> s g 9
£ onr} £ i
4 5 sl
= -
g s s |
[4] ) .
8 T s 06 g 8 2 % ° 03
s = *———o—e .
o 5°1 ] i ez | ./.,-"" Y 5
35 4 32 a — 1.2 35
29 3 [ X0) 2 o x,x/‘ e
; v “ ; v _‘/l/ 1-0 N
Gy o . " 0 > by o — 0 >
E ' Ethano! Glucos
ol thanol o \A\\
j —_
3 Tel Ny
i » u / \
Q
8 . | 14 § of o 4 Ja4
3 2l ) 3 2
e Biomass o——0 | 3 g a‘ i o / ____2“’1“ 3 o
a {12 4 a = o—° ° ]2 @
g 0r ‘2 z / g
g . 1M 3 § -9 11 g
,".I 0 Glucose j N , 0 @ m 0 K ) . 0 o
0 1 2 3 4 5 0 M | .2 .3
DILUTION RATE (H-') DILUTION RATE (H-')
Figure 5. Steady state data and kin- Figure 6, Steady state data and kine-
etic parameters for Z.mobilis ZM 4 tic parameters for Z. mobilis ZM 4 with
with 100 g/1 glucose medium (pH=15_ 0, 170 g/! glucose medium (pH=50, T=30
T=30T). T).
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Figure 7. Oscillations in Z. mebilis ZM4 culture with 200g/! glucose medium, at

dilution rate D=0.1h (pH=5.0, T=30C),
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Table 7. Comparisons of the kinetic parameters of Z, mobilis and Yeast for ethanol

fermentation,

Micro-organism| Culture system| Glucose Kinetic parameters at optimal condition
input “ @ - G Yy s Ys s | Reference
(81) | (")  (g/g/h) (&/e/h) (g/e) (g/8)
S. cerevisiae Continuous 100 0.17 0.58 1.41 0.12 0.41 Cyeewski and
ATCC 4126 culture 89 0.19 0.60 1.39 0.13  0.43 | Wilke (1976, 1977
S. cerevisiae Continuous 100 0.12 - 0.61 1.38 0.08 0.44 Ghose and
NRRL Y-132 culture 220 0.12 0.62 1.32 0.09 - Tyagi (1979)
S. uvarum Batch 250 0.23 .15 3.02 - 0.38 Lee J.H.
ATCC 26602 et al (1980)
Z. mobilis Batch 100 0.21 2.50 5. 47 0.038 0.49 This work
ATCC 10988 250 0.13 2.53 545 0.019 0.47
(ZMI) Continuous 100 |0.20 32 64 002 0.5
culture 150 0.235 3.8 7.6 0.027 0.50
Z. mobilis Batch 100 0.35 5.2 10.9  0.032 0.48 | This work
(ZM 4) 250 0.18 5.4 11.3 0.015 0.48
Continuous 100 0.38 5.4 10.8 0.037 0.50
135 0.28 5.4 10.8 0.025 0.50
170 0.24 5.1 10.5 0.022 0.48
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Table 8, Comparison of ethanol productivies achieved in various culture system with
Z.mobilis and strains of yeast on glucose medium,

System used Micro-— Glucose input | Conc® of Ethanol Reference
organism (g/1) ethbnol (g/1) | product- ivity
(g/1/h)
Batch Z.mobilis 250 119 5.9 This work
S. uvarum 250 109 2.7 del Rosario
et al (1979)
Continuous Z.mobilis 170 60.0 12.5 This work
S. cerevisiae 100 41.0 7.0 Cysewski &
' Wilke (1976)
Recycle Z. mobilis 140 70.0 120 - 200 This work
2. mobilis 200 98.0 93.0 This work
S. cerevisiae 150 60.5 32.0 Ghose &
Tyagi (1980)
S. uvarum 200 60.0 36.0 del Rosario
et al (1979)
Vacuum with Z. mobilis 200 180. 0* 85 Lee J.H.
cell recycle et al(1981)
S. cerevisiae 334 160. 0* 82 Cysewski & W
Wilke (1977)

* Ethanol concentration in vapour stream from vacuum fermentor.
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